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In t roduct ion  

Both s i z e  e x c l u s i o n  ch romatography  (SEC) and d i s t i l l a t i o n  a r e  used  t o  
c h a r a c t e r i z e  s p e c i e s  based  on m o l e c u l a r  w e i g h t s  w h i c h  a r e  d e t e r m i n e d  i n d i r e c t l y  
either from SEC s e p a r a t i o n  pa t t e rn  (molecular s i z e  sepa ra t ion )  (1-6) o r  from an ASTM 
d i s t i l l a t i o n  pa t te rn .  Boi l ing  p o i n t s  can be used t o  e s t i m a t e  t h e  molecular weight of 
t h e  s p e c i e s  b u t  i t  is i n a d e q u a t e  f o r  c h e m i c a l  s p e c i e s  c h a r a c t e r i z a t i o n .  The 
molecular s epa ra t ion  by SEC is a powerful t oo l  f o r  de te rmining  molecular weights of 
po lymers  o f  known c h e m i c a l  s t r u c t u r e .  Al though knowledge a b o u t  t h e  c h e m i c a l  
s t r u c t u r e  of t h e  component spec ie s  a r e  e s s e n t i a l  f o r  t h e  success fu l  use of SEC,(5) i t  
has  c e r t a i n  advantages' over d i s t i l l a t i o n s .  SEC sepa ra t ions  are less time consuming 
and can be used f o r  both v o l a t i l e  and nonvo la t i l e  mater ia l s .  Due t o  its s i m p l i c i t y ,  
d i s t i l l a t i o n  is t h e  most popular technique  used f o r  l a r g e  and sma l l  s epa ra t ions  and 
f o r  t h e  c h a r a c t e r i z a t i o n  of hydrocarbon f l u i d s  such a s  petroleum crudes,  syn the t i c  
crudes,  coa l  l i q u i d s  and t h e i r  r e f i n e r y  products. The performance of d i s t i l l a t i o n  
c u t s  such a s  gaso l ine ,  kerosene and var ious  l u b r i c a n t s  a r e  monitored and blended f o r  
s tandard iz ing  performance r a t h e r  than us ing  the  chemical composition f o r  p red ic t ing  
the  performance. 

The h igh  e f f i c i e n c y  g e l  co lumns  packed w i t h  5pm p a r t i c l e s  have  i n c r e a s e d  t h e  
e f f i c i ency  and decreased  the  a n a l y s i s  t i m e  of s i z e  e x c l u s i o n  chromatography (SEC). 
Since r e l a t i v e l y  l a r g e  samples  can be separa ted  in a t ime  as shor t  a s  20 minutes, SEC 
can  be used  a s  a p r e l i m i n a r y  s e p a r a t i o n  t e c h n i q u e  p r i o r  t o  o t h e r  a n a l y t i c a l  
techniques such as gas  chromatography (GC) and gas  chromatography-mass spectroscopy 
(GC-MS). Such SEC s e p a r a t i o n  of  c o a l  l i q u i d s ,  p e t r o l e u m  c r u d e s  and t h e i r  
d i s t i l l a t i o n  c u t s  i n t o  f o u r  o r  f i v e  f r a c t i o n s ,  f o l l o w e d  by t h e  a n a l y s i s  of  t h e  SEC 
f r a c t i o n s  b y  GC and  GC-MS h a v e  been r e p o r t e d  e l s e w h e r e  (7-21).  The f r a c t i o n  
c o l l e c t i o n  and concen t r a t ion  of f r a c t i o n s  were performed manually. T h i s  procedures 
was i n e f f i c i e n t ,  and s u s c e p t i b l e  t o  human e r ro r .  The Automated f r a c t i o n  co l l ec t ion  
followed by i n j e c t i o n  of t h e  f r a c t i o n  i n t o  t h e  GC reduces a n a l y s i s  time, and o f f e r s  
and Opt ion  f o r  c o l l e c t i n g  a d e s i r e d  number of f r a c t i o n s  a t  p r e d e t e r m i n e d  time 
i n t e r v a l s .  

The SEC s e p a r a t e s  c o a l  l i q u i d s  i n t o  f r a c t i o n s  conta in ing  spec ie s  w i t h  s i m i l a r  
l i n e a r  molecular s i zes .  S ince  similar molecular s i z e  spec ie s  in coal  l i q u i d  happened 
t o  have  similar f u n c t i o n a l i t i e s ,  t h e  s i z e  s e p a r a t i o n  e n a b l e s  t h e  s e p a r a t i o n  of 
f r a c t i o n s  conta in ing  s i m i l a r  chemical spec ies .  When te t rahydrofuran  (THF) is used a s  
t h e  mobil phase the  c o a l  l i q u i d  can be sepa ra t ed  i n t o  four  f r a c t i o n s  conta in ing  heavy 
nOnVOlati~eS; long  cha in  alkafies mixed wi th  l i g h t  nonvola t i le ,  phenols and aromatics.  

Disclaimer: This  r e p o r t  was prepared as an account of work sponsored by an  agency of 
t h e  IJnited S t a t e s  Government. Neither t h e  IJnited S t a t e s  Government nor any Agency 
t h e r e o f ,  no r  a n y  o f  the i r  employees ,  makes any w a r r a n t y ,  e x p r e s s  or i m p l i e d ,  o r  
a s sumes  any l e g a l  l i a b i l i t y  or r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  o r  
u s e f u l n e s s  of any  i n f o r m a t i o n ,  a p p a r a t u s ,  p r o d u c t ,  o r  p r o c e s s  d i s c o l s e d ,  o r  
r ep resen t s  t h a t  i t s  u s e  would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
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When the number of f r a c t i o n s  a r e  increased,  l e s s  complex chromatograms with fewer 
Peaks a r e  obtained. The r e s u l t s  of  SEC-CC a n a l y s i s  of  coa l  l i q u i d s  i n d i c a t e  t h a t  t h e  
c o a l  l i q u i d s  a r e  composed of  a v e r y  l a r g e  number o f  s p e c i e s  b u t  w i t h  s i m i l a r  
s t r u c t u r a l  b l o c k s  and f u n c t i o n a l g r o u p s .  Lumping of  s imi la r  componen t s  i n t o  f o u r  
d i s t i n c t  groups such as nonvo la t i l e s ,  a lkanes  (nonaromatic hydrocarbons),  a lky la t ed  
phenols and a romat i c s  is seen a s  p r a c t i c a l  means of cha rac t e r i z ing  coa l  l i qu ids .  

In  petroleum r e f i n e r y  industry t h e  composition of d i s t i l l a t i o n  c u t s  a r e  p l o t t e d  
ve r sus  d i s t i l l a t i o n  temperature.  A s i m i l a r  technique is used for  lumping of chemical 
S p e c i e s  i n  c o a l  l i q u i d  where t h e  c h e m i c a l  c o m p o s i t i o n  is p l o t t e d  v e r s u s  e l u t i o n  
Volume (i.e. decreasing molecular s i ze ) .  I n  t h e  SEC-GC set-up, t h e  gas chromatograph 
can  be v i s u a l i z e d  a s  a d e t e c t o r  f o r  SEC e f f l u e n t s .  The GC o u t - p u t  i s  u s e d  t o  
determine t h e  composition of SEC e f f i c i e n t s .  The in s t rumen ta t ion ,  SEC-CC a n a l y s i s  
a n d  chemical lumping of coal  l i q u i d s  are  presented i n  t h i s  paper. 

Experimental 

A western Kentucky s y n t h o i l  and l i g n i t e  der ived r ecyc le  s o l v e n t s  from t h e  Energy 
Research Center,  IJnivers i ty  of North Dakota were t h e  samples used f o r  t h e  analysis .  
Dry, add i t ive - f r ee  te t rahydrofuran (THF) under helium atmosphere was used f o r  pre-  
par ing sample s o l u t i o n s  and as t h e  mobile phase i n  t h e  s i z e  exclusion chromatograph 
(SEC). Although t h e  s y n t h o i l  could be i n j e c t e d  without d i l u t i o n ,  a 50% s o l u t i o n  was 
p re fe r r ed  i n  o rde r  t o  reduce poss ib l e  peak spreading and t a i l i n g .  Since the  r ecyc le  
so lven t s  were very viscous,  25% s o l u t i o n s  were used. A l l  t h e  s o l u t i o n s  were f i l t e r e d  
through 0.5 urn Mi l l i po re  f i l t e r s  u s ing  modest heat  (but  not  high enough t o  b o i l  THF) 
from a hot  a i r  gun and 30 p s i  ni t rogen pressure.  

The instrumentat ion included a l i q u i d  chromatograph (LC,  Waters ALCISEC Model 
202) equ ipped  w i t h  a 60 cm, 5pm 100 A PL g e l  column (Polymer L a b o r a t o r i e s )  a n d  a 
r e f r a c t i v e  index de tec to r  (Waters Model R401) a Varian Chromatographic system (GC. 
VISTA 4 4 )  equipped with a 30 meter x 0.32 m m  I D  DE-5 c a p i l l a r y  column (bonded phase 
fused s i l ica  column manufactured by J & W  S c i e n t i f i c  Co.) an autosampler  (Varian 8 0 0 0 ) ,  
a f lame ion iza t ion  d e t e c t o r  (FID) and a n i t rogen  s p e c i f i c  d e t e c t o r  ( thermionic  ion 
s p e c i f i c  - TSD) and a microcomputer system (IBM C S  9000) with 1000 K by te s  RAM and 
dua l  8" floppy d i s c  d r i v e s  f o r  c o l l e c t i n g  raw chromatographic data.  

The continuous sample sepa ra t ions  on the g e l  column fol lowed by t h e  CC a n a l y s i s  
of  s e l e c t e d  f r a c t i o n s  was a c h i e v e d  by t h e  o p e r a t i o n  of two  s i x p o r t  v a l v e s  and a 34 
p o r t  valve ( A l l  f rom Va lco  I n s t r u m e n t  Company) as  i l l u s t r a t e d  i n  F ig .  1.  Sample 
i n j e c t i o n  i n t o  t h e  LC was performed by a s i x p o r t  valve ( V  ) with a 2 m l  sample loop 
and f i t t e d  with a syr inge-needleport  for  v a r i a b l e  sample ' s i z e  in j ec t ion .  The com- 
bined ope ra t ion  of another  s i x p o r t  swi t ch ing  valve and t h e  34 p o r t  valve ( V  ) with 16 
s a m p l e  l o o p s  (100 p l )  e n a b l e d  t h e  l i n k i n g  of t h e  l i q u i d  ~ h r o m a t o g r a p h ~ w i t h  t h e  
autosampler of t h e  gas chromatograph. The autosampler  was modified t o  handle  100 p 1  
s a m p l e s  d i r e c t l y  f rom t h e  f r a c t i o n  c o l l e c t i o n  l o o p s  of  V When V 2  was t u r n e d  
c l o c k w i s e ,  i t  k e p t  V i n  l i n e  of  LC e f f l u e n t s  s o  t h a t  t h e  Y r a c t i o n s  o f  s e p a r a t e d  
sample could be c o l l e a t e d  and a l s o  t h e  autosampler  was bypassed. V a t  its Counter 
c l o c k w i s e  p o s i t i o n  k e p t  V i n  l i n e  w i t h  t h e  a u t o s a m p l e r  f o r  s a m p f e  i n j e c t i o n  bu t  
bypassed t h e  LC stream. The 
r e a l  t ime  monitoring of  t h e  GC was poss ib l e  on both Varian and I B M  systems and the 
raw chromatograph ic  d a t a  were  s t o r e d  on t h e  8" f l o p p y  d i s c s .  The f r a c t i o n  
c o l l e c t i o n ,  sample i n j e c t i o n  i n t o  t h e  CC as well as the  d a t a  c o l l e c t i o n  w a s  performed 
by t h e  in t eg ra t ed  system composed of a Varian Automation System (VISTA 401) and the  
IBM microcomputer (CS 9000). For each sample i n j e c t i o n  i n t o  t h e  SEC column, up t o  16 
f r a c t i o n s  were c o l l e c t e d  and analyzed by t h e  CC using a p p r o p r i a t e  gas chromatographic 
programs s to red  i n  t h e  memory without any manual i n t e rac t ion .  

G2nerally 0.1 u1 sample s i z e  was used f o r  GC ana lys i s .  
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Results and Discuss ion  -- 
The sample s i z e  recommended by column manufac turers  f o r  s i z e  exc lus ion  chromato- 

graphy i s  l e s s  t h a n  1 mg i n  1 0 ~ 1 s  f o r  good a n a l y t i c a l  s e p a r a t i o n s .  I n c r e a s i n g  t h e  
s a m p l e  s i z e  can c a u s e  i n c r e a s e  i n  peak w i d t h  as well a s  l o s s  of  r e s o l u t i o n .  The 
e f f e c t  of sample s i z e  is demonstrated in Figure  10. Curren t ly  t h e  g e l  columns a r e  
ava i l ab le  with high p l a t e  counts  and high sample loading  capacity.  Larger smaples can 
be loaded wi th  some peak broadening which can  be to l e ra t ed .  When a sample l i k e  coa l  
l i q u i d  which is composed of a very l a r g e  number of components, t h e  sample s i z e s  w i t h  
r e spec t  t o  ind iv idua l  s p e c i e s  are small .  Even over loading  of t h e  column with a l a r g e  
coa l  l i qu id  sample can  g ive  good separa t ion  of most spec ie s  i n  coa l  l iqu id .  S t r a i g h t  
c h a i n  a l k a n e s  a r e  t h e  one  g roup  o f  s p e c i e s  which a r e  p r e s e n t  i n  r e l a t i v e l y  l a r g e  
concentrations.  The e f f e c t  of coa l  l i q u i d  sample s i z e  is i l l u s t r a t e d  i n  Figure 11. 
When the concen t r a t ion  of a lkanes  i n  t h e  Sample is small only few a lkane  peaks a r e  
p r e s e n t  in t h e  gc of  0.1 ~1 SEC e f f l u e n t .  As t h e  a l k a n e  c o n c e n t r a t i o n  is  i n c r e a s e d  
t h e  peak s p r e a d i n g  c a u s e s  t h e  s e v e r a l  a l k a n e s  t o  s p r e a d  i n t o  t h e  0.1~1 f r a c a t i o n  
analysed f o r  t h e  next  i n t e r v a l .  When the  sample s i z e  is increased  the  peak in t ens i -  
t i e s  due t o  i n d i v i d u a l  a l k a n e  do  n o t  i n c r e a s e  p r o p o r t i o n a l l y  b u t  l a r g e r  number o f  
a lkanes  are observed i n  t h e  0.1~11 e f f l u e n t  "windown. The overloading has  a pos i t i ve  
e f f e c t  on SEC f r a c t i o n  c o l l e c t i o n  i n t e r v a l s .  The s m a l l e r  s a m p l e s  need f r e q u e n t  
i n t e r v a l s  of  f r a c t i o n  c o l l e c t i o n  f o r  GC a n a l y s i s  t o  i d e n t i f y  a l l  t h e  components. 
When the  sample s i z e  is increased  t h e  column over loadlng  w i l l  cause the spec ie s  t o  
spread in to  a wider range  and t h e  f r a c t i o n  c o l l e c t i o n  i n t e r v a l  t ime  can be increased. 

The r e c y c l e d  s o l v e n t  produced  from Wyodak c o a l  is  s e l e c t e d  t o  i l l u s t r a t e  t h e  
chemcial spec ie s  i n  c o a l  l i q u i d s  using SEC-GC. A l a rge  sample s i z e  is se lec ted  and 
t h e  SEC column is overloaded wi th  r e spec t  t o  alkanes. The gas chromatograms s i m i l a r  
t o  t h o s e  in F i g u r e  8 w e r e  o b t a i n e d .  The raw d a t a  from a b lank  run, where 0.1 p 1  THF 
was i n j e c t e d  w i t h  o u t  any  c o a l  l i q u i d  s p e c i e s ,  were s u b t r a c t e d  f rom each  raw d a t a  
us ing  a base s u b t r a c t i o n  program, t o  obta in  t h e  recons t ruc ted .  gas chromatograms a s  
shown in F i g u r e  12. Each  of t h e  1 2  G C ' s  r e p r e s e n t s  t h e  a n a l y s i s  SEC f r a c t i o n :  ( s e e  
Figure 7b f o r  S E C  s e p a r a t i o n  Wyodak recyc le  so lvent ) .  Once ques t ion  which a r i s e  a t  
t h i s  point is how much over lapping  of spec ie s  is t h e r e  between t h e  spec ie s  found in  
two  0.1111 SEC s l i ce s  o r  how many o f  t h e  gc  peaks  a r e  n o t  p r e s e n t  i n  t h e  p r e v i o u s  
s a m p l e  s l i c e .  i n  
l a r g e r  concent ra t ions  than  the  previous sample s l i c e ,  t h e  raw d a t a  of the  previous 
g a s  chromatogram i s  s u b r a t a c t e d  f rom t h a t  e a c h  GC raw d a t a .  (Only b a s e  l i n e  is 
subt rac ted  from t h e  f i r s t  one. F i r s t  GC run d a t a  is sub t r ac t ed  from t h e  second, t he  
second 1s sub t r ac t ed  from t h e  t h i r d  and s o  on). Figure  1 3  shows GC's  w i t h  new peaks 
and peaks which a r e  l a r g e r  t han  those  in t h e  previous GC. 

I n  o r d e r  t o  d e t e r m i n e  t h e  new s p e c i e s  and  t h e  s p e c i e s  w h i c h a r e  

When SEC-GC i s  u s e d  f o r  c o a l  l i q u i d  a n a l y s i s ,  . l p l  f r a c t i o n s  o f  SEC e f f l u e n t s  
a r e  analyzed by GC t o  produce s i m p l e r  gas chromatograms. Some of these gas chromato- 
grams.  for example  t h e  GC of  l o n g e r  a l k a n e s ,  are  composed c h e m i c a l l y  s i m i l a r  
components. The f lame ion iza t ion  de tec to r  (FID) response f a c t o r  (based on mass), is 
e s s e n t i a l l y  t h e  same f o r  t h e s e  l a r g e r  a l k a n e s .  The  t o t a l  a r e a  c o u n t s  of such  gas  
ChrOmatOtTamS exc luding  so lven t  peak, t he  a r e a  count of which r ep resen t s  t h e  sample 
volume (6.1111), m u l t i p l i e d  by t h e  r e s p o n s e  f a c t o r  w i l l  g i v e  t h e  amount of  a lkanes  
"lumped" toge the r  f o r  t h e  SEC f r a c t i o n  analyzed. Cer ta in  SEC f r a c t i o n s  a r e  composed 
O f  two Or more d i f f e r e n t  chemical spec ie s  due t o  t h e  over lapping  e f f e c t  of s i m i l a r  
S i z e  species.  For example the  low bo i l ing  poin t  a lkanes  mixed w i t h  t he  high boi l ing  
P o i n t  pheno l s  w h e r e  t h e  l i n e a r  m o l e c u l a r  s i z e s  of  t h e  s p e c i e s  a r e  similar. The 
a l k a n e s  a p p e a r  a t  low r e t e n t i o n  times whereas  p h e n o l s  a p p e a r  a t  l o n g e r  r e t e n t i o n  
times as expected. In  t h e s e  cases t h e  a rea  counts  have to  be lumped i n t o  two groups, 
one f o r  a lkanes  and ano the r  one f o r  phenols. Each of t hese  a r e a  counts  mul t ip l ied  by 
t h e  c o r r e s p o n d i n g  FID r e s p o n s e  f a c t o r  i n d i c a t e  t h e  amount of a l k a n e s  o r  pheno l s  
P resen t  in  t h e  0.1111 SEC f r a c t i o n s .  All t h e  s i x t e e n  or more GC of s e l e c t e d  SEC . l p l  
f r a c t i o n s  of coa l  l i q u i d  or r e c y c l e  so lven t s  a r e  ind iv idua l ly  analyzed fo r  various 
"lumped chemica l "  s p e c i e s  i n  t h e  f r a c t i o n s .  Coal  l i q u i d  s a m p l e  s e p a r a t e d  by 
d i s t i l l a t i o n  e s t i m a t e s  t h e  n o n v o l a t i l e  conten t .  The SEC of nonvo la t i l e s ,  v o l a t i l e s  
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a r e  recons t ruc ted  t o  show both in t h e  same SEC output.  These d a t a  a long  wi th  SEC-CC 
d a t a  and used t o  r econs t ruc t  SEC of Wyodak coa l  der ived  r ecyc le  so lven t  as shown in 
Fig. 6. 

\ 

The chemical lumping pa t t e rn  shown in Fig. 6 is very similar t o  t h e  p l o t t i n g  of 
d i s t i l l a t i o n  tempera tures  VS. composi t ion ,  a t e c h n i q u e  commonly used  i n  p e t r o l e u m  
r e f i n i n g  t o  s i m u l a t e  t h e  c o m p o s i t i o n  of d i s t i l l a t e  as a f u n c t i o n  of t e m p e r a t u r e .  
Since SEC inc ludes  nonvo la t i l e s ,  in format ion  on i t s  s i z e  d i s t r i b u t i o n  is a l so .  shown. 
I n  each  c h e m i c a l  lump t h e  m o l e c u l a r  w e i g h t  d e c r e a s e s  as SEC r e t e n t i o n  Volume in- 
c r e a s e s .  The i n d i v i d u a l  c h e m i c a l  lump has  a SEC s e p a r a t i o n  p a t t e r n  similar t o  
d i s t i l l a t i o n  tempera ture  vs. molecular weight p lo t .  

The chemical lump of a lkanes  is t h e  s imples t .  S t r a i g h t  a lkanes  a r e  d i s t r i b u t e d  
th rough  o u t  t h e  r ange  i n  a c o n t i n u o u s  p a t t e r n .  Such a p a t t e r n  does  n o t  e x i s t  f o r  
phenols and aromatics.  Both of them have s i m i l a r  a romat ic  nuc leus  such as benzene, 
indan and naphthalene. The presence of hydroxy groups d i s t i n g u i s h e s  t h e  phenols from 
t h e  a r o m a t i c s .  The a l k y l  s i d e  c h a i n s  r a n g i n g  m o s t l y  from C, t o  C a l l  a t t a c h e d  t o  
t h e  simple a romat ic  nuc leus  r e s u l t  is l a r g e r  molecules of phenols A d  aromat ics .  AS 
t h e  number of s i d e  cha ins  increases ,  t h e  number of i somers  inc rease  exponent ia l ly .  
The mass d i s t r i b u t i o n  of phenols and aromat ics  peaks a t  a c e r t a i n  molecular  weight 
and then decreases  a t  h igher  molecular weights. A t  t h e  lower end of t h e  mass d i s t r i -  
b u t i o n  p a t t e r n ,  s i n c e  a number of  i s o m e r s  p o s s i b l y  a r e  s m a l l e r ,  t h e  GC is Well 
reso lved  and composed of l a r g e r  well reso lved  peaks. A t  the  h igher  molecular weight 
end ,  a ve ry  l a r g e  number o f  i s o m e r s  a re  p o s s i b l e  in a s m a l l  mass, t h e  GC shows an 
upward s h i f t  in t h e  b a s e  l i n e  which is due t o  a l a r g e  number of s p e c i e s  t h a t  a r e  
appearing unresolved. S ince  phenols have an  inherent  tendency for t a i l i n g ,  t h e  l a rge  
phenols a r e  not a t  a l l  resolved. I n  t h e  case  of l a r g e  a romat i c s ,  t he  enormous number 
of isomers a r e  appear ing  with q u i t e  a few peaks p a r t i a l l y  resolved. 

The s p e c i e s  which  a r e  unkown and  have  n o t  been i d e n t i f i e d  as  one  of t h e  major  
c h e m i c a l  lump s u c h  a s  a l k a n e s ,  p h e n o l s  and a r o m a t i c s  a r e  lumped t o g e t h e r  as un- 
iden t i f i ed .  The add i t ion  of the  m s  t o  our system w i l l  enable i d e n t i f i c a t i o n  of these  
spec ies .  However, t h e  spec ie s  in t h i s  lump inc lude  s a t u r a t e d  and unsa tu ra t ed  cyclo- 
a l k a n e s  w i t h  o r  w i t h o u t  s i d e  c h a i n s ,  which r e s e m b l e s  t h e  n a p h t h e n e s ,  a pe t ro l eum 
r e f i n e r y  p roduc t  group.  A number of w e l l  known s p e c i e s  i n  c o a l  l i q u i d  a r e  n o t  
mentioned in t h i s  lumping scheme. Such as he te rocyc l i c  compounds wi th  s u l f u r ,  n i t ro -  
gen or oxygen a s  t h e  h e t e r o  atom, and o the r  h e t e r o a t o m s  conta in ing  spec ie s .  Some of 
these  compounds appear wi th  a romat i c s  (eg. thiophenes,  qu ino l ines )  and wi th  phenols 
(eg.  a r o m a t i c  a m i n e s ) ,  and  most of them a r e  lumped w i t h  t h e  u n i d e n t i f i e d  s p e c i e s  
lump. 

I 

Since  SEC-GC can be equipped wi th  a number of s p e c i f i c  d e t e c t o r s  such a s  n i t r o -  
gen s p e c i f i c  d e t e c t o r  (TSD), f l a m e  p h o t o m e t r i c  d e t e c t o r  for s u l f u r  (FPD) and mass 
spectrometer,  t h e  lumping of chemical spec ie s  can be performed for any s e l e c t e d  group 
of spec ie s  such a s  polycycl ic  a romat ics ,  thiophenes and n i t rogen  spec ies .  

Conclusions 

Although SEC and CC a r e  two powerful chromatographic techniques,  t h e i r  combined 
use for analyz ing  complex mitures has  been l i m i t e d  due t o  t h e  t ime  consuming s t e p s  
invo lved .  The two v a l v e  i n t e r f a c e  which  l i n k s  t h e  l i q u i d  ch romatograph  t o  gas  
chromatograph and the  computer system which automate t h e  system, reduce t h e  ana lys i s  
t i m e  as w e l l  a s  t h e  f r e q u e n c y  of manual  i n t e r a c t i o n  d u r i n g  t h e  a n a l y s i s  which  may 
t a k e  8-10 hours for a coa l  l i q u i d  sample. By adding a mass spec t rometer  as a t h i r d  
d e t e c t o r  t o  t h e  CC, a n  e x t e n s i v e  a n a l y s i s  of a r a t h e r  complex  sample  s u c h  as  c o a l  
l i q u i d ,  petroleum crude and t h e i r  r e f i n e r y  products can be achieved. 

W i t h  t h e  h e l p  o f  a d d i t i o n a l  d e v i c e s  s u c h  a s  MS, SEC-CC i s  n o t  e x p e c t e d  t o  
i d e n t i f y  a l l  t h e  components of coal  l i qu ids .  I t  may very w e l l  be true t h a t  a l l  the 
pos i t i ve ly  i d e n t i f i e d  components may r ep resen t  on ly  a f r a c t i o n  of a l l  t h e  components 
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and t h e  mass f r a c t i o n s  of a l l  t h e  i d e n t i f i e d  s p e c i e s  may very we l l  r ep resen t  on ly  a 
minor f r a c t i o n  of  t h e  coa l  l i q u i d .  But t he  lumping o f  chemical s p e c i e s  i n t o  fewer 
g r o u p s  w i l l  be f o r  t h e  who le  s a m p l e  and t h e  c h e m i c a l  n a t u r e  of l a r g e  number of 
s p e c i e s  which are no t  t o t a l l y  i d e n t i f i e d  a r e  recognized for  t h e i r  s t r u c t u r e  based on 
s i m i l a r i t y  on of f u n c t i o n a l  groups or  main s t r u c t u r a l  block. The lumping of chemical 
s p e c i e s  as shown i n  F i g u r e  14 is a good a p p r o x i m a t i o n  which needs  v a r i f i c a t i o n  by 
d e t a i l e d  a n a l y s i s .  
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Figure 3:  The e f f e c t  of column overloading by alkanes of coa l  l iqu ids .  
Top t o  bottom: 20 mg s y n t h o i l ,  50 mg s y n t h o i l .  50 mg Z A P  
recyc le  solvent ,  50 mg Texas Big Brown recyc le  so lvent ,  50 
m g  Wyodak recycle  so lvent .  63 
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SEC-GC i n t e r f a c e .  Note: V has s i x t e e n  l o o p s  i n s t e a d  of 
s i x .  3 Figure 1: 
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Figure 2: SEC s e p a r a t i o n  of Wydak c o a l  der ived  r e c y c l e  So lvent  ( 1 )  
SEC-GC in ter face  bypassed (b) 1 6  fract ion were co l l ec ted  by 
SEC-GC i n t e r f a c e .  
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Figure 6: Lumping of chemical species i n  Wyodak recycle solvent. 
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